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I. INTRODUCTION
Among the several types of dyes used worldwide, reactive azo dyes are frequently used for dyeing cotton and other cellulose fibers. The covalent bonds that attach reactive dyes to natural fibers make them among the most permanent of dyes [1] . More than 10% of dyestuff used during the coloring processes does not bind to the fibers and therefore these excess dyes are released into the environment producing serious environmental pollution. The presence of these dyes in wastewater and subsequently in water resources, even at very low concentrations, is easy to observe visually as the result of textile industry activities. They may increase effluent toxicity and lead to environmental damage [2] , [3] .
Several treatment options are available for the degradation of dyes before their discharge like coagulation, flocculation, activated sludge process, advanced oxidation processes etc. Among all the processes stated above, advanced oxidation processes (AOPs) stand out to be better treatment method than the rest [4] , [5] pollutants present in wastewater. AOPs generate less sludge and involve short-lived chemical species with high oxidation power [6] . In these processes, hydroxyl radicals ( An old yet effective method among the AOPs is the use of Fenton's reagent for the degradation process. This method which involves generation of reactive oxygenated species from H 2 O 2 in presence of ferrous catalyst is a fast and commercial way to deal with harmful organic contaminants in a green manner. In this process, H 2 O 2 is decomposed catalytically by Fe 2+ in the pH range of 3-3.5, giving rise to hydroxyl radicals [7] . Oxidation by H 2 O 2 alone is not effective for high concentrations of certain refractory contaminants, such as highly chlorinated aromatic compounds and inorganic compounds (e.g. cyanides), because of low rates of reaction at reasonable H 2 O 2 concentrations. Transition metal salts (e.g. iron salts), ozone and UV-light can activate H 2 O 2 to form hydroxyl radicals which are strong oxidants [8] .
Iron (II) is oxidized by hydrogen peroxide to iron (III), forming a hydroxyl radical and a hydroxide ion in the process. Iron (III) is then reduced back to iron (II) by another molecule of hydrogen peroxide, forming a hydroperoxyl radical and a proton. The net effect is a disproportionation of hydrogen peroxide to create two different oxygen-radical species, with water (H + + OH -) as a byproduct. The chemical equation which is followed during the reaction is as follows: [9] - [12] . Conventionally, wastewater treatments, like many other industrial processes are optimized by using singular variation of treatment variables. Moreover, this method assumes that various treatment parameters do not interact and that the response variable is only function of the single varied parameter. However, the response obtained from a waste treatment method for example, results from the interactive influences of the different variables. When a combination of several independent variables and their interactions affect desired responses, response surface methodology (RSM) is an effective tool for optimizing the process [13] . RSM uses an experimental design such as the central composite design (CCD) to fit a model by least squares technique [14] . Adequacy of the proposed model is then revealed using the diagnostic checking tests provided by analysis of variance (ANOVA). The response surface plots can be employed to study the surfaces and locate the optimum. In several industrial processes, RSM is almost routinely used to evaluate the results and efficiency of the operations [15] , [16] . In the present work, a CCD in the form of a 2 3 full factorial design was used to develop mathematical equations, in terms of the pollutant removal, providing quantitative evaluation of the Fenton process used to oxidatively treat RBO3RID dye solution. In this evaluation, COD to Hydrogen peroxide ratio, Hydrogen peroxide-to-Fe (II) ratio and treatment time as the key parameters affecting the decomposition performance of the Fenton's reagent were studied. Chemical oxygen demand (COD) was estimated by closed reflux, titrimetric method [17] . Hydrogen peroxide was estimated by iodometric method [18] . COD removal efficiency was calculated by the following formula:
II. METHODS

A. Materials and Analytical Methods
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B. Experimental Design
Fenton's oxidation experiments were carried out batch wise in a 1 L Borosil beaker with continuous stirring (430 rpm) at room temperature. 1 litre synthetic waste water containing 500 mg/L dye was taken for batch oxidation with various H 2 O 2 and FeSO 4 dosages at adjusted pH of 3-3.5 by adding dilute sulfuric acid. Samplings were done at different intervals as specified by the Design expert software for chemical analysis. In this study, RSM was used for the optimization of process variable to enhance the degradation of RBO3RID dye combined with the factorial experimental design of CCD. RSM is a useful method for studying the effect of several variables influencing the responses by varying them simultaneously and carrying out a limited number of experiments. The experimental results were analyzed using Design Expert7, and the regression model was proposed. In order to evaluate the influence of operating parameters on the COD removal efficiency of the dyes, 3 independent variables were chosen: COD to Hydrogen peroxide ratio(x 1 ), Hydrogen peroxide-to-Fe(II) ratio (x 2 ) and time (x 3 )of dye solution. Accordingly, the CCD matrixes of 20 experiments covering the full design of 3 factors were used for building quadratic models as shown in Table II. This point includes  2   3 =8 cube points, 2×3=6 axial points and 6 replications at the center point. A second order polynomial response equation (Equation 2) can be proposed to correlate the dependent and independent variables. Where Y is the predicted response, k is the number of factors, x i and x j are the coded variables; β 0 is the offset term; β i , β j , and β ij are the first-order, quadratic, and interaction effects respectively; i and j are the index numbers for factor; and e ij is the residual error [19] .
The quality of the polynomial model was expressed by the coefficient of determination, namely, R 2 and Adj-R 2 . The statistical significance was verified with adequate precision ratio and by the F test [20] . As the response ranges from 5.08 to 97.34, the max to min ratio is 19.16. This indicates that a transformation is required and for this case square root transformation was performed on response. On the basis of the experimental values, statistical testing was carried out using Fisher's test for ANOVA. The statistical significance of the second-order equation revealed that the regression is statistically significant (P<0.0001); however, the lack of fit is not statistically significant at 99% confidence level. Table IV depicts the significance of the regression coefficients and ANOVA for the regression model, respectively. The results indicate that the Response equation proved to be suitable for the CCD experiment [21] , [22] . The model's F value of 406.67 in these tables implies that the model is significant for the degradation of the dye. P values less than 0.05 indicate that the model terms are significant, whereas values greater than 0.1 are not significant. The fit of the models were controlled by the coefficient of determination R 2 . Based on the ANOVA results, the models report high R oxidation process. Also, an acceptable agreement with the adjusted determination coefficient is necessary. In this study, the Adj-R 2 value of 99.48% was found. The values of R 2 and Adj-R 2 are close to1.0, which is very high and advocates a high correlation between the observed values and the predicted values. This indicates that the regression model provides an excellent explanation of the relationship between the independent variables and the response. The diagnostic plots given in Fig. 1 and Fig. 2 were used for estimating the adequacy of the regression model.
III. RESULT AND DISCUSSION
A. Optimization of Experimental Conditions for COD Removal by Response Surface Methodology
The actual and predicted COD removal efficiency percentage is given in Fig. 1 . The graph shows there are tendencies in linear regression fit, and the model adequately explains the experimental range studied. The actual COD removal percentage value is the measured result for a specific run, and the predicted value is evaluated from the independent variables in the CCD model. The predicted COD RE% and studentized residual plot are shown in Fig.  2 . 
C. Interactive Effect of Processes of Independent Variables
To understand the impact of each variable, three dimensional (3D) plots were made for the estimated responses, which were the bases of the model polynomial function for analysis to investigate the interactive effect of the two factors on the COD removal percentage within the experimental ranges given in Fig. 3-Fig. 5 . The inferences so attained are discussed below. 
1) Interactive effect between COD to Hydrogen peroxide ratio and Hydrogen peroxide-to-Fe(II) ratio
To investigate the integrated effect of COD to Hydrogen peroxide ratio and Hydrogen peroxide-to-Fe(II) ratio, RSM was used and the result was given in the form of 3D plots. As indicated in Fig 3, by lowering H 2 O 2 to Fe(II) ratio, COD RE% increased. By increasing H 2 O 2 concentration, the COD removal increases. The effect of increasing catalyst (Fe 2+ ) concentration is more distinct as seen by the sharp increase of COD removal efficiency. 
2) Interactive effect between COD to Hydrogen peroxide ratio and time
3) Interactive effect between hydrogen peroxide-toFe(II) ratio and Time
As seen in Fig. 5 , the response surface and 3D plots were enhanced as a function of Hydrogen peroxide-to-Fe (II) ratio and time. Removal percentage increased remarkably with increasing catalyst concentration and with increasing experimental time. Thus, with increase of time, an improvement in dye degradation performance was determined.
D. Model Optimization and Confirmation
The desired goal of the model is to maximize COD removal efficiency to achieve highest treatment performance. The optimum values of the process variables for the maximum COD removal are shown in Table V . After verification through a further experimental test with the predicted values, the result indicates that the maximum decolonization efficiency was obtained when the values of each parameter were set as the optimum values. It implies that the strategy to optimize the decolonization conditions and to obtain the maximal decolonization efficiency by RSM for the decolonization of the dye RBO3RID with Fenton's reagent in this study is successful. 
IV. CONCLUSION
In this work, the removal of the model dye RBO3RID from aqueous solutions by Fenton's reagent has been studied. Based on experimental results, an empirical relationship between the response and independent variables is obtained and expressed by the second-order polynomial equation. Effect of experimental parameters on COD removal efficiency of RBO3RID was established by the response surface and contour plots of the model-predicted responses. High COD removal (78.56%) was obtained under optimal value of process parameters for dye solutions in the 93 min of the removal process. Analysis of variance showed a high coefficient of determination value (R 2 =0.997, adj R 2 =99.48), thus ensuring a satisfactory adjustment of the second-order regression model with the experimental data.
